We calculate the a 1 meson-nucleon coupling constant in the framework of soft-wall and hardwall AdS/QCD models. In the bulk of AdS space were written bulk interaction Lagrangians for a minimal gauge coupling, a magnetic gauge coupling and a triple coupling. To use AdS/CFT correspondence and these bulk interaction Lagrangians we calculate the a 1 axial-vector mesonnucleon coupling constant in the boundary of AdS space within both models. We observe that the numerical values for the g a 1 N N coupling constant in the framework of both models are more close to the experimental value than results in other works. We also calculate the g a 1 ∆∆ axial-vector meson-∆-baryon coupling constant in the framework of hard-wall AdS/QCD model. 
I. INTRODUCTION
The theoretical and experimental study of the coupling constants and form-factors are one of the most important problems of hadron physics. Some theoretical approaches such as chiral quark model, QCD sum rules and etc. are used for solving this problem.
The holographic principle for QCD also has important consequence to solve phenomenological problems of strong interaction, such as calculation of coupling and decay constants, form-factors, mass spectrum and etc.. Since, at a low energy limit the ordinary perturbation theory does not work, for example in QCD the strong coupling constant get a high value in a small value of the transferred momentum. Thus, direct application of perturbative methods at a low energy limit to QCD is impossible. Holographic QCD does not run into such difficulties and is used to solve QCD problems without restraints to the transferred momentum and energy region. So, the holographic QCD is considered to be very effective method in QCD at a low energies.
There are two approaches in holographic QCD. First one is top-down and other one is bottomup approaches. In the top-down approach of the holographic QCD, the QCD models based on the string and D-brane theories. The bottom-up approach is constructed according to direct application of the AdS/CFT principle to the theory of strongly interacting particles and named AdS/QCD models. The AdS/CFT principle is a correspondence between the fields in the 5-dimensional bulk of an anti-de Sitter (AdS) space with the field theory operators defined on the 4-dimensional ultraviolet (UV) boundary of AdS space [1] [2] [3] [4] [5] [6] [7] [8] [9] . There are two models of AdS/QCD: hard-wall and soft-wall models. These models include non-perturbative aspects such as, chiral symmetry breaking and confinement and were constructed under the finitness condition of the 5D action at the infrared (IR) boundary of AdS space. In the hard-wall model this condition is provided by cut off the space at this boundary [7, 10, 11] . In the soft-wall model this condition is ensured by introducing an extra exponential factor to the integral expression over the extra dimension at infinite values of this dimension [8, 9] .
After building the AdS/QCD models, the coupling constants and form-factors were calculated in the framework of these models [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
In this paper, we calculate the g a 1 N N a 1 -axial-vector meson-nucleon coupling constant within the soft-wall and hard-wall AdS/QCD models and the g a 1 ∆∆ -axial-vector meson-spin 3/2 ∆-baryon coupling constant in the framework of the hard-wall AdS/QCD model. Note, that this coupling constant was investigated in the framework of a hard-wall model by Maru and Tachibana in [10] and in the framework of a soft-wall model in [19] by Fang. In both cases, this constant was calculated using only two-gauge interaction Lagrangian term contained in the covariant derivative of action and Pauli interaction Lagrangian term. So, we decided to take into account the triple interaction Lagrangian term that characterizes the interaction between the scalar, axial-vector and fermion fields in the bulk of AdS space. This kind of term is similar to the Yukava interaction term and was included into calculation in [13] , where was studied axial-vector form factor of nucleons.
We have calculated the numerical values of this constant in the framework both-hard-wall and soft-wall models and within the different parameters of the chiral condensate, the quark mass and the infrared boundary parameters fixed on the AdS/QCD models, to determine the accuracy of the model and the effect of parameters.
We also calucaleted the g a 1 ∆∆ -axial-vector meson-spin 3/2 ∆-baryon coupling constant taking into account triple interaction Lagrangian in the framework of hard-wall AdS/QCD model and predict the numerical values for this coupling constant. Unfortunately, there is no experimental data for this constant to compare with them.
The present paper was arranged as follows: First, we describe basic features of AdS space, then we write profile functions for the axial-vector, nucleon and spin 3/2 ∆-baryons in the framework of hard-wall AdS/QCD model. In third section we describe profile functions for the axial-vector and nucleon in the framework of soft-wall AdS/QCD model. In next section, we write a Lagrangian for the axial-vector meson-nucleon and the axial-vector meson-3/2 ∆-baryon interactions in the bulk of AdS space and derive the boundary g a 1 N N coupling constant within the soft-wall and hard-wall AdS/QCD models and g a 1 ∆∆ coupling constant in the framework of hard-wall AdS/QCD model from the bulk Lagrangians. At last, we present a numerical results for these coupling constants in a Table form and make comparison of the obtained values with the other one.
II. THE HARD-WALL MODEL
As was noted above the finitness condition of the 5D action at the infrared (IR) boundary of AdS space is provided by cut off the space at this boundary in the hard-wall model and so, action for the hard-wall model is written like this [5, 10, 11, 21] :
where g = | det g M N | (M, N = 0, 1, 2, 3, 5) and the fifth coordinate z varies in the range ǫ ≤ z ≤ z m (ǫ → 0). The metric of AdS space is chosen in Poincare coordinates:
where η µν is a 4-dimensional Minkowski metric [7, 10, 11, 21] :
A. a 1 meson in hard-wall model
According to the holographic QCD there is a correspondence between 4-dimensional axial-vector current and the 5-dimensional gauge fields. So, to obtain axial-vector-nucleon coupling constant in the boundary QCD, one need to introduce in the bulk of AdS space two gauge fields A M L and A M R , which transform as a left and right chiral fields under SU (2) L × SU (2) R chiral symmetry group of the model [10, 22] . In the bulk of AdS space is also introduced the scalar X field, which transform under the bifundamental representation of symmetry group. Due to the interaction of the bulk gauge fields with the scalar field X the chiral symmetry group is broken to the isospin group SU (2) V . An agreement to the AdS/CFT correspondence the bulk SU (2) V symmetry group is the symmetry group of the dual boundary theory and the a 1 meson is described by this representation of the SU (2) V group. From the A M L and A M R gauge fields the bulk vector and axial-vector fields are constructed as follow:
In common with vector mesons, according to the AdS/CFT correspondence the axial-vector mesons are the KK modes of the transverse part of the axial-vector gauge field.
Action for the gauge field sector have been written in terms of bulk vector and axial-vector fields as following in [22] :
where 
is a bulk scalar field, U (x, z) = exp (2it a π a (x, z)) is a product of
, where the coefficient m q is the mass of u and d quarks and the σ is the value of chiral condensate [22] . The coefficients m q and σ were established from the UV and IR boundary conditions on the solution for the X field. Expanding U (x, z) in powers of π a gives the appropriate part of the action as [22] 
Thus the S axial AdS Lagranjian is bringing a z-depending mass to break the axial-vector gaugesymmetry like Higgs mechanism. It is useful to write the transversal part of bulk axial-vector gauge field A a ⊥µ (x, z) in momentum space by help of Fourier transformation. Equation of motion for Fourier components A a ⊥µ (p, z) is easily obtained from the action (5) [10, 22] and has the form
The A a ⊥µ (p, z) can be written as A a ⊥µ (p, z) = A a µ (p)A(p, z) and at IR boundary A(p, z) satisfies the condition A(p, 0) = 1, A ′ (p, z 0 ) = 0 [10, 22] . For the n-th mode A n (z) in the Kaluza-Klein
n the equation (6)?????6 has the form [10] :
This equation of motion for the axial-vector field has a z-dependent mass term, so that it can not be analytically solvable. In the approximation the EOM is the same with vector meson, where the bulk mass is supposed to be the brane localized mass at QCD brane(z = z m ). The boundary condition at (z = z m ) is as follow [10] :
by using from the boundary condition (8) normalized wave function for the first excited axial vector meson a 1 was found as below [10] :
B. Nucleons in hard-wall model
In the framework of soft-wall model nucleons were introduced in [8, 9] and within hard-wall model nucleons were introduced in [11, 21] . According to the AdS/CFT correspondence in sequence to represent nucleon operators in the boundary of the AdS space it is necessary to insert (Ψ 1 (x, z)) and (Ψ 2 (x, z)) two spinor fields for each nucleon operators in the bulk of AdS space, because
at the boundary of AdS space each nucleon operators has the left-and right-handed components, which transform differently under the SU (2) L × SU (2) R chiral symmetry group of QCD. Other two chiral components are vanishing by the helping boundary conditions at IR boundary [10, 11, 21] .
Following [10, 11, 21] we shall present here profile function for the spinor field in the framework of hard-wall model, which is constructed according AdS/CFT correspondence. The action for the bulk (Ψ 1 (x, z)) spinor field without the interaction with the gauge fields is written as follows:
The boundary term to obtain the equation of motion as Dirac equation is below:
Ψ z = 0 is a condition to vanish an extra Ψ z degrees of freedom [11, 21] .
properties the left-and right-handed components of the spinor fields, Fourier transformation for them is written as follow:
where ψ (p) is a 4D spinor field and ψ 1 (p) obeys the 4D Dirac equation
where, |p| = p 2 for a time-like four-momentum p and thus the 5D Dirac equation (11) will lead to equations over the fifth coordinate z for f L,R amplitudes:
The equation (15) will give us relations between the profile functions f L (p, z) and f R (p, z) [9] :
Using the relation (16) we obtain the second order differential equations for the profile functions
The n-th normalized Kaluza-Klein mode f (n) L,R (z) of the solutions f L,R with p 2 = m 2 n can be expressed in terms of Bessel functions:
The constants c n 1 are found from the normalization condition and are equal to
There are following relations between the profile functions of first and second bulk fermion fields [10, 11, 21] :
For obtaining only a left-handed component of the nucleon from Ψ 1 the right-handed component of this spinor is eliminated by the boundary condition at z = z m :
This condition gives the Kaluza-Klein mass spectrum M n of excited states, which is expressed in terms of zeros α
n of the Bessel function J 3 :
The quantum number n corresponds to the excitation number of a nucleon in the dual boundary theory.
III. THE SOFT-WALL MODEL
As was noted in introduction, in the soft-wall model the finitness condition of the 5-dimensional action is ensured by introducing an extra exponential factor to the integral expression over the extra dimension at infinite values of this dimension [7] [8] [9] . Thus, action for the soft-wall model in general is written in the form:
where g = | det g M N | (M, N = 0, 1, 2, 3, 5) and fifth dimension z varies in the range ǫ ≤ z < ∞ (ǫ → 0). (z → ∞) and Φ (z) = k 2 z 2 is the dilaton field and belong only to the soft-wall model [7] [8] [9] .
A. a 1 meson in soft-wall model
In the framework of hard-wall model we have already introduce in the bulk of AdS space two gauge fields A M L and A M R , which transform as a left and right chiral fields under SU (2) L × SU (2) R chiral symmetry group, the scalar field X which transform under the bifundamental representation of this group and two bulk fermion fields having opposite signs of 5D mass M and gave common information about bulk and boundary fields.
To notice generalized common information for the model, here we introduce profile function for the a 1 -meson within soft-wall model. In the framework of this model from the two gauge fields A M L and A M R bulk action was written in terms of bulk vector and axial-vector fields as below in [7, 9] :
To write the transverse part of the bulk axial-vector field A aT µ (x, z) in momentum space by help of Fourier transformation, the equation of motion for Fourier components A aT µ (p, z) is easily obtained from the action (24) [19, 24] :
The A aT µ (p, z) can be written as A aT µ (p, z) = A a µ (p)A(p, z) and A(p, z) satisfies the condition A(p, ǫ) = 1 at UV boundary. In the Kaluza-Klein decomposition A(p, z) = ∞ n=0 A n (z)f n (p) for the n-th mode A n (z) with mass m 2 n = p 2 the equation (25) is written as follows:
where
the equation (27) is convert to the Schroedinger equation form and has a solution with Laguerre polynomials L n m [19, 24] as follows:
For the eigenvalues m 2 n there is a linear dependence on the number n: m 2 n = 4k 2 (n + 2), which enables us to fix the free parameter k. In the AdS/CFT correspondence m 2 n is identified with the mass spectrum of the vector mesons in the dual boundary QCD. For the a 1 -meson we have m = 1 and the A n (z) becomes
Notice that solution (29) was obtained for the free axial vector field case and does not take into account the back reaction of the bulk spinor field, which one was introduce in the next paragraph to describe nucleons.
B. Nucleons in soft-wall model
As was noted in previous section, in the framework of the soft-wall model nucleons were introduced in [8] and their excited states within this model were considered in [20] . According to [8] and [20] we present here some formulas of profile function for the spinor field in the soft-wall model. Within soft-wall model Lagrangian contains additional term ΦΨΨ, which describe coupling of a dilaton field with the bulk fermion fields [8] and the sign of this term for the second fermion field is chosen oppositely to the one for the first fermion [11] . The action for the first free spinor field is written as follows:
The equation of motion for the spinor field obtained from the action 30 is written as follows:
To solve (31) for Ψ in terms of left-and right-handed components we must notice Ψ L,R =
(1/2) 1 ∓ γ 5 Ψ expression. In other side in momentum space Ψ L,R are written like this:
L,R (p) and consider that spinors in 5 dimension are the ones in 4 dimension, the equation (31) is written as follows in [8] :
To use the relation ∆ = 
After solving the second order equation of motions (33) with p 2 = m 2 n , we get the expression for the f (n) L,R (z) n-th normalized Kaluza-Klein modes which correspond to the nucleons state:
where the L 
where α = 2, because M = 3 2 and f 1L = f 2R , f 1R = −f 2L , is a relations between the profile functions of the first and second bulk fermion fields [11] IV. BULK INTERACTION LAGRANGIANS AND THE g a1N N AND THE g a1∆∆
COUPLING CONSTANTS
In this section we calculate the g a 1 N N constant in the framework hard-wall and soft-wall models and the g a 1 ∆∆ coupling constant in the framework hard-wall model of AdS/QCD.
At first we calculate the g a 1 N N constant. Then repeat all calculation steps for g a 1 ∆∆ constant and give final expression and the numerical results for this constant. 
According to the AdS/CFT correspondence there is connection between 5D bulk fields with 4D boundary particles. In our case axial-vector current of nucleons in 4D boundary correspond to the bulk axial-vector field in 5D bulk of AdS. According to holographic principle the 4-dimensional axial-vector current of nucleons is found by taking variation from the generating function Z for the vacuum expectation value of the axial-vector field in dual theory boundary. In our case this principle will be written as
is the boundary value of the axial-vector field (A(z = 0) = 1) and J µ obtained from the variation of exp (iS int ) will be identified with the nucleon current andÃ 0 µ is the source for the current J µ . In other side in the boundary of AdS space 4D current of axial-vector field is written as follow:
where, q = p ′ − p is an energy-momentum conservation relation between 4D momenta q, p ′ and p.
From the equivalence of the right-hand side of (37) and (38) we get formula for the g a 1 N N coupling constant as an integral expression over z when two currents, the fermionic current on the boundary and the nucleon current are identified according to AdS/CFT correspondence. Now, we need explicit form of L int interaction Lagrangian in the bulk of AdS space to put on the formula (36). The interaction Lagrangian is constructed based on the gauge invariance of using model and include different kinds of interaction terms between the bulk fields [10, 20, 21] . As we noted above this coupling constant was calculated using only two-gauge interaction Lagranian term contained in the covariant derivative of action and Pauli interaction lagranian terms, within a hardwall model by Maru and Tachibana [10] and within a soft-wall model [19] by Fang. In addition this two interaction terms, using a new triple interaction term, which was introduced in [13] 
2) L int include a magnetic gauge coupling of spinors with axial-vector field [10, 19, 21 ]
where the field stress tensor of the axial-vector field is
3) L int is also contain from the triple interaction term, which was introduced in [13] :
After substitution the interaction Lagrangian terms (39),(40),(41) in the action for interaction (36), then performing the integrals in momentum space and applying the holography principle this Lagrangian term gives the following contributions to g a 1 N N h.w. constant represented in terms of integral over the z. To know briefly contribution of all interaction term, to the coupling constant we carry out separately calculation for each interaction Lagrangian terms and get following formulas for g a 1 N N h.w. coupling constant within hard-wall model:
where the A 0 is the profile function of the axial-vector field, f 1,2L,R are the profile function of the nucleons and the superscript indices n and m indicate the number of excited states of the initial and final nucleons respectively.
We carry out a numerical analysis of these terms separately in the last section.
B. The g a1N N coupling constant within soft-wall model
Let us study g a 1 N N axial-vector meson-nucleon coupling constant in the framework of soft-wall model to get the effect of the model. For this aim we have wrote the 5D action for the interaction between the all-axial-vector, fermion and scalar fields in the bulk of the AdS space within soft-wall model as below: 
where the A 0 is the profile function of the axial-vector meson expressed as 29, f s 1,2L,R are the profile function of the nucleons within soft-wall model of AdS/QCD expressed as 34 and the superscript indices n and m indicate the number of excited states of the initial and final nucleons respectively.
g (2)nms.w. 
We carry out a numerical analysis of these terms separately in the last section too.
Similarly the g a 1 N N constant in the framework of hard-wall model, we study the g a 1 ∆∆ -axialvector meson-spin 3/2 ∆-baryon coupling constant in the framework of hard-wall AdS/QCD model and predict the numerical values for this coupling constant. We have used interaction lagrangian terms for this coupling constant similar to ones for the g a 1 N N constant:
Boundary spin 3/2 baryons is described by the Ψ N 1,2 and Ψ 1,2N Rarita-Schwinger fields in the bulk of AdS space. In much the same way by using (33),(34),(35) the interaction Lagrangian terms and describing the integrals in momentum space, at last using AdS/CFT correspondence, we get the following contributions for g a 1 ∆∆ constant. We carry out separately calculation for each interaction Lagrangian terms here too:
where F 1,2L,R are the profile function of the ∆ baryons and is given in [10, 11, 21] :
and constants C n 1 are found from the normalization condition:
g (1)nm
Thus, we describe the g a 1 ∆∆ constant as the sum of three terms:
To carry out a numerical analysis for g h.w. [25] and it was measured in [26] . The hard-wall value g h.w. a 1 N N = 1.5 ∼ 4.5 was taken from the [10] , the value g h.w. a 1 N N = −2.93 also was taken from the [10] and the value g h.w. a 1 N N = 0.42 was taken from the [10] . The soft-wall value g s.w. a 1 N N = 0.14 was taken from the [19] . To have an idea of relative contributions of different terms of Lagrangian, we present results for g Tables III and VI Comparison of results shows that for all values of parameters results obtained here more close to the experimental data. We also notice that the our result for g a 1 N N coupling constant is more sensitive to the value of parameter σ and m q than parameter k. Unfortunately, there is no experimental data for the g a 1 N N coupling constant in the case of excited states of nucleons, so we can not compare our results for this case.
For determination of g a 1 ∆∆ coupling constant we need to calculate integrals for the g 
VI. SUMMARY
In present letter we calculated the strong coupling constant of a 1 mesons with nucleons within the hard-wall and soft-wall models AdS/QCD. We found that the predictions of these models for g a 1 N N coupling constant are close to experimental value. The g a 1 N N coupling constant is more sensitive to the value of parameter σ and m q than parameter k within both of models.
Unfortunately, there is not experimental data for the g a 1 N N coupling constant in the excited states of nucleons, so we did not compare our results for this case.
We also calculated the g a 1 ∆∆ -axial-vector meson-spin 3/2 ∆-baryon coupling constant in the
